Major depressive disorder (MDD) is associated with disrupted relationships with partners, family, and peers. These problems can precipitate the onset of clinical illness, influence severity and the prospects for recovery. Here, we investigated whether individuals who have recovered from depression use interpersonal signals to form favourable appraisals of others as social partners. Twenty recovereddepressed adults (with >1 adult episode of MDD but euthymic and medication-free for six months) and 23 healthy, never-depressed adults completed a task in which the gaze direction of some faces reliably cued the location a target (valid faces), whereas other faces cued the opposite location (invalid faces). No participants reported awareness of this contingency, and both groups were significantly faster to categorise targets following valid compared with invalid gaze cueing faces. Following this task, participants judged the trustworthiness of the faces. Whereas the healthy never-depressed participants judged the valid faces to be significantly more trustworthy than the invalid faces; this implicit social appraisal was absent in the recovered-depressed participants. Individuals who have recovered from MDD are able to respond appropriately to joint attention with other people but appear to not use joint attention to form implicit trust appraisals of others as potential social partners.
Social isolation is a significant risk factor for depression (Paykel, 1994) while dysfunctional relationships with significant others, friends and peers can help to trigger depressive episodes in vulnerable individuals (Sacco, Milana, & Dunn, 1985) . Although social withdrawal during the depressive state itself is very likely mediated, in part at least, by anhedonia and disturbed affect (Blanchard, Horan, & Brown, 2001 ), the high rates of relapse suggest that particular patterns of interaction with social partners help to bring about the social and affective conditions that promote the onset of depression (Joiner & Coyne, 2002; Segrin, 2000) . However, we know relatively little about which disturbances to underlying social-cognitive processes enhance the risks of depressive illnesses in vulnerable individuals.
One way to advance these issues is to examine experimentally how encounters with other people influence social appraisals, or judgements about others as potential social partners, in individuals who have recovered from depression compared to healthy controls with no history of depression. Changes in the formation of such appraisals may tell us something about the psychological mechanisms that mediate social isolation in people who are vulnerable to depression, the nature of the deficits in social skills reported in depressed individuals (Segrin, 2000) and, perhaps, help to identify therapeutic targets.
Shifting one's attention to objects that other individuals are looking at -establishing "joint attention" -is critical in cognitive and social development (Frischen, Bayliss, & Tipper, 2007) , and appropriate responses to such gaze cues is a critical enabler of interactions with others throughout the lifespan (Moore & Dunham, 1995) . Previous experiments demonstrate that joint attention can shape implicit judgements or appraisals of other people as potential social partners (Bayliss, Griffiths, & Tipper, 2009; Bayliss & Tipper, 2006) . Bayliss and colleagues asked healthy adults to categorise objects that appeared in the left-hand or right-hand side of a computer display (Bayliss et al., 2009; Bayliss & Tipper, 2006) . However, just before each object appeared, participants were shown a face whose gaze shifted towards the spatial location at which the object subsequently appeared, or towards the opposite location. Orienting attention in the direction of another person's gaze to form joint attention is automatic (Driver et al., 1999) , so participants were faster to make object discriminations following the presentation of faces whose gaze was directed towards the location of the upcoming objects ("valid faces") compared to following the presentation of faces whose gaze was directed to the opposite location ("invalid faces"). However, participants subsequently judged the valid faces as more trustworthy than the invalid faces. This induction of pro-social appraisals was implicit, since participants were not consciously aware that some faces reliably indicated the location of the to-be-categorised objects while other faces did not (Bayliss et al., 2009; Bayliss & Tipper, 2006) . Nevertheless, participants used this information to form favourable impressions of the valid faces as trustworthy social partners.
There is little evidence to suggest that the detection of gaze direction and establishing joint attention is impaired in individuals who have recovered from depression (Gotlib, Krasnoperova, Yue, & Joormann, 2004; Schelde, 1998) . Therefore, in this study, we tested the hypothesis that individuals at heightened risk for major depressive disorder, by virtue of having suffered at least two episodes of the illness previously, show normal abilities to follow the eyegaze of others (and to establish joint attention), but nevertheless fail to acquire implicit trust appraisals of those faces whose gaze enhanced their cognitive performance (valid faces) compared to those faces whose gaze did not (invalid faces). The results show that individuals who have recovered from depression fail to use social cues available in the face to form implicit trust appraisals.
Methods

Participants
The study was approved by the Oxford National Health Service (NHS) Research Ethics Committee (08/H0604/62). All participants gave written informed consent. The sample size of 20 in each group was determined prior to the commencement of the study based on previous work of a similar nature in our laboratory. We report all exclusions, manipulations and measures.
Twenty recovered-depressed adults (10 females) and 23 healthy control adults (12 females) took part. Participants were screened using the Structured Clinical Interview for DSM-IV (APA, 2000) and modified Hamilton Depression Rating Scale (HAMD-7) (Hamilton, 1960) . They also completed the Beck's Depression Inventory (BDI) (Beck, Ward, Medelson, Mock, & Erbaugh, 1961) and trait versions of the Positive and Negative Affect Scale (Watson, Clark, & Tellegen, 1988) . Cognitive ability was assessed using Raven's Standard Progressive Matrices (Raven, Raven, & Court, 2004) .
The inclusion criteria for recovered-depressed participants included: at least two adult previous episodes of major depressive disorder (MDD); well and medication-free for a minimum of 6 months; a current HAMD-7 score of <7. Exclusion criteria included evidence of low mood within the previous six months, evidence of past or present major psychiatric illness (other than MDD in the case of recovered-depressed participants); a HAMD-7 score of ≥7; taking prescribed medications; past or present DSM-IV alcohol or substance dependence and pathological gambling.
Stimuli
All stimuli exactly matched those used by Bayliss et al. (2009) . Twenty faces from the NimStim face database (http://www.macbrain.org/resources.htm) were arranged in pairs matched for gender, ethnicity and approximate age. One of each pair was designated to Face Group A and the other to Face Group B. The face stimuli comprised two pairs each of black males and black females, and three pairs each of white males and white females. Twelve independent raters ensured that pairs of faces were rated for equal attractiveness and trustworthiness, and that, as a whole, both groups of faces (A and B) were approximately equal in attractiveness and trustworthiness (Bayliss et al., 2009 ). The target stimuli comprised pictures of 36 household objects. Eighteen objects were categorised as belonging in the kitchen and 18 objects were categorised as belonging in the garage. The objects appeared in red, blue, green or yellow, and in two orientations (e.g. handles of objects on the left or right), yielding 288 stimuli. Targets varied between 1.5-5.0 × 3.0-8.0 cm, and were presented centred 10.0 cm to the left or to the right of the centre of the screen.
Design and procedure
Predictive gaze cueing task
The task has been described previously (Bayliss et al., 2009; Bayliss & Tipper, 2006) . Participants were seated, centrally and at an appropriate height, in front of a computer display. Task stimuli were presented at a distance of approximately 60 cm. At the start of each trial, participants fixated a central cross while covering two response keys with the forefinger and thumb of their dominant hand. After 600 ms, the cross was replaced by a face (Figure 1 ). After another 1500 ms, the eyes of the face moved to the right or left. A household object then appeared 500 ms later, either on the left or right of the display. The participants were instructed to decide, as quickly and accurately as possible, whether the object belonged in the garage ("h" key) or the kitchen (spacebar key). Auditory feedback followed this response (bell = correct, buzzer = incorrect). If no response was made after 2500 ms, the trial was coded as an error, and the next trial was presented. A blank screen was displayed for a 1500 ms inter-trial interval.
Participants completed 12 practice trials using a single novel face. Participants then completed 240 trials (2 blocks of 120), with 10 "valid" (eyes moving towards the target objects) and 10 "invalid" (eyes moving away from the targets) faces appearing 12 times in a random order, paired with randomly selected targets.
Immediately following the gaze cueing procedure, participants completed two binary forced-choice tasks in which they were shown pairs of gender and ethnically matched faces -the same faces that they had viewed in the gaze cueing task. Each pair comprised one "valid" and one "invalid" face, side by side. For each procedure, the order of pairs was randomised, as was the left-right positioning of valid and invalid faces.
Trustworthiness
In the first forced-choice procedure, participants were asked to decide which of each pair of faces they felt was more trustworthy by pressing the "1" or "2" keys on the key pad. A blank screen was presented for 2 s after each choice.
Memory for faces
In the second forced-choice procedure ("exposure recognition"), participants were asked to decide, in the same way as above, which face of each pair presented they believed had appeared more frequently during the gaze cueing task (due to technical problems, exposure recognition data were not collected for one recovered-depressed participant and three healthy, never-depressed participants).
All participants also then completed another trustworthiness judgements task on a novel, larger set of faces. We did so in order to allow us to explore whether the two groups made similar ratings judgements about faces with whom they had no experience. We briefly present these findings in the "General discussion" section. Finally, all participants were questioned in order to identify and exclude participants who perceived correctly that some (valid) faces in the gaze cueing task shifted their gaze towards the same side of the display as the to-be-categorised object while other (invalid) faces shifted their gaze to the opposite side of the display.
Statistical analyses
All analyses were carried out using Statistical Package for Social Sciences (SPSS version 14; SPSS Inc., USA). Age, Raven's Matrices, HAMD-7, BDI, trait positive and trait negative affect scores were each analysed using ANOVA with the between-subject factors of group (recovered-depressed vs. control participants) and gender.
Mean correct reaction times (RTs) and error proportions from the gaze cueing task were analysed using repeated-measures ANOVAs with the between-subject factors of group and gender, and the single withinsubject factor of cue (valid vs. invalid faces). Trials with RTs >1500 ms were excluded from the data analysis. Error proportions were arcsine-transformed prior to analysis, though percentage values are reported for convenience.
The proportions of valid over invalid faces chosen in the forced-choice trustworthiness and exposure tasks were analysed using ANOVAs with the betweensubject factors of group and gender. Proportions of valid faces chosen by the recovered-depressed and healthy controls were tested using 1-sample t-tests against a baseline of chance (5/10 choices of the valid over invalid faces). Finally, associations between choices in the two forced-choice tasks and residual mood symptoms, as measured by the HAMD-7 and the BDI, were tested using Pearson's correlation coefficients.
Results
Group matching and psychometric assessments of mood
Demographic and clinical features of the recovereddepressed and healthy, never-depressed participants are shown in Supplementary Materials (Table S1 ). The two groups were well-matched in terms of gender, χ 2 (1) < 1, and closely matched for age (p = .29) and cognitive ability as measured by Raven's Matrices (p = .19). Trait positive affect was significantly lower in the recovered-depressed participants compared with the healthy control participants, F(1, 39) = 6.21, p = .017, h 2 p = 0.14; but trait negative affect was significantly higher, F(1, 39) = 10.32, p = .003, h 2 p = .22. As expected, the recovered-depressed participants reported slightly, but significantly, more depressive symptoms as measured by the interviewer-rated HAMD-7 scale, F(1, 39) = 15.66, p < .0001, h 
Gaze cueing
Debriefing confirmed that none of the participants in either group were aware of the difference between valid and invalid faces in the gaze cueing task, and that some faces, but not others, consistently cued the location of the to-be-categorised targets.
Error rates were low (<3%; see Supplementary Materials for details). As expected, the mean RTs for categorising kitchen and garage objects were significantly faster following the presentation of valid faces compared with invalid faces (M V = 762.37 ± 94.99 ms; M In = 782.21 ± 103.08 ms), F(1, 39) = 25.10, p < .0001, h 2 p = .39. This was the case for both the recovereddepressed participants, F(1, 18) = 8.10, p < .05, h 2 p = .31, and healthy never-depressed controls (see Figure 2 ), F(1, 21) = 18.23, p < .0001, h 2 p = .47. There was no indication that this facilitatory effect was significantly reduced in the former compared to the latter group of participants, F(1, 39) = 1.19, p = .29.
Overall, the mean RTs of the recovered-depressed participants were slightly faster than those of the healthy control participants (M RD = 762.88 ± 83.18 ms; M HC = 780.48 ± 111.05 ms); however, this difference was not statistically significant, F(1, 39) = 0.34, p = .56. Male recovered-depressed participants tended to take longer to categorise the targets than female recovered-depressed participants (M MRD = 811.65 ± 55.56 ms; M FRD = 714.10 ± 78.94 ms), while male control participants were slightly faster than female control participants (M MHC = 766.82 ± 135.11 ms vs. M FHC = 793.00 ± 87.83 ms). This was reflected in a significant two-way interaction between participant group and gender, F(1, 39) = 4.54, p = .039, h 2 p = .10. There were no other significant interactions involving group, gender and cue (all ps > .34).
Trustworthiness discrimination for valid vs. invalid faces
When asked to select the more trustworthy faces from pairs of valid and invalid faces, the recovereddepressed participants endorsed significantly fewer valid faces compared to the healthy control participants (see 
Memory for valid vs. invalid faces
When asked to select which faces had been presented more frequently, the recovered-depressed participants endorsed a similar number of valid faces compared to the healthy control participants (Figure 2) , F(1, 37) = 0.04, p = .84. Both the healthy controls and the recovered-depressed participants reported seeing the valid faces slightly more frequently than chance ( Figure 2) ; however, neither of these effects were statistically significant, t(20) = 1.55, p = .137 and t(16) = 1.01, p = .290, respectively.
Statistical correlations
Within the recovered-depressed sample, there were no statistically significant associations between residual dysphoric symptoms as measured using the HAMD-7 and BDI scores and choices of valid vs. invalid faces in the forced-choice trustworthy or recognition exposure tasks (−.56 < rs(17) < .177).
General discussion
Social isolation heightens the risk of depressive illnesses in vulnerable individuals (Paykel, 1994) while problematic interactions with social partners can undermine the quality of social contacts that might aid recovery from depression and then protect against relapse (Segrin, 2000) . Here, we found that individuals who had recovered from major depressive disorder successfully used interpersonal signals -in this instance, the direction of others' gaze (as joint attention) -to aid cognitive performance but failed to use these same signals to form implicit trust appraisals. This suggests that people who are vulnerable to depression are not able to extract information from social interactions that would promote judgements of trust in others, perhaps undermining the possibility of durable supporting relationships.
The absence of trust appraisals in our recovereddepressed participants compared with our healthy, never-depressed controls cannot be attributed to differences in gender, age or cognitive ability, as these were carefully matched between the two groups. Our recovered-depressed patients had been well and medication-free for at least six months. Therefore, our results are not explained by the presence of significant depressive illness at the time of testing, or by the psychotropic effects of anti-depressant treatments.
On the other hand, our recovered-depressed participants did report residual dysphoria, and it is possible that these persisting symptoms, expressed in HAMD-7 scores (Hamilton, 1960) and BDI scores (Beck et al., 1961) may be linked to the failure to develop implicit trust appraisals reported here. However, these dysphoric symptoms in the recovered-depressed participants were modest and well-short of published cut-off scores for clinical significance (Hamilton, 1960) . Residual dysphoria is also widely observed in samples of individuals with clinical histories of depression (Bhagwagar & Cowen, 2008) and is an important predictor of relapse (Ezquiaga, Garcia, Bravo, & Pallares, 1998) . Although the relationship between lowered mood generally and acquisition of trust appraisals remains a target for future investigation, we note that there was no evidence, within our recovered-depressed sample, that low HAM-D or BDI scores were particularly associated with the failures to choose the valid over the invalid faces in the forced-choice trust discrimination task. This suggests that the influence of residual low mood or dysphoric states on the acquisition of trust appraisals was minimal in this data set.
The failure to develop implicit trust appraisals shown by the recovered-depressed participants showed a significant degree of psychological specificity. First, both the recovered-depressed and the matched neverdepressed control participants were significantly faster to make object categorisations in spatial locations cued by the valid compared to the invalid faces. In fact, the benefits to performance, in terms of RTs, were almost identical in the two groups while the overall RTs for these decisions were slightly faster in the recovered-depressed compared to the healthy Figure 2 . Top panel shows mean correct reaction time (ms ± SD) for target categorisations following valid and invalid faces in the gaze cueing task, and mean number of valid faces chosen as trustworthy and most frequently presented in 20 recovered-depressed adults and 23 age-and ability-matched never-depressed controls. The y-axes for the forced-choice trust and memory discriminations are normalised to chance (5/10 correct). *p < .05 from pair-wise and one-sample t-tests. Bottom panel shows individual participant data for the critical trustworthiness judgement task (i.e. individual data points that contributed to the central graph of the upper panel of this figure) . Chance level performance is where a participant selects five valid cue faces and five invalid cue faces as trustworthy, hence bars above the line indicate that the participant had a bias to select more "valid" gaze cue than "invalid" gaze cue faces.
control participants. Previous research suggests that individuals with current depressive illness can show changes in the maintenance of eye-gaze during dyadic social interactions (Pansa-Henderson & Jones, 1982; Schelde, 1998) , perhaps reflecting anhedonia, but that these changes disappear in the euthymic state (Schelde, 1998) . Our data suggest that formation of joint attention in response to shifts in other peoples' gaze is unimpaired in individuals with significant histories of depression but who are not currently unwell.
Second, previous investigations have found that individuals who have recovered from depression show facilitation of memory for negative information following induction of low mood but, in addition, persisting problems with memory for positive information (Gilboa & Gotlib, 1997; Teasdale & Dent, 1987) . This raises the possibility that the failure of our recovered-depressed participants to acquire trust appraisals for the valid compared to the invalid faces might reflect poor memory for the former compared to the latter; the valid faces being "tagged" with a positive valence because of their utility in aiding object categorisation through joint attention. However, this is unlikely since, in our experiment, both the recovereddepressed and the healthy never-depressed participants showed a small, but statistically non-significant, tendency to remember the valid faces better than the invalid faces (exposure recognition). Moreover, consistent with evidence that memory deficits for faces are present in dysphoric, but not non-dysphoric, states (Wells, Beevers, Robison, & Ellis, 2010) , there was no sign that memory for the valid faces compared to the invalid faces was impaired in the recovereddepressed compared to the never-depressed control participants.
In contrast to their intact ability to follow others' direction of gaze to form joint attention, our recovered-depressed participants failed to modulate their appraisal of faces whose gaze either enhanced or hindered performance. Replicating previous findings (Bayliss et al., 2009; Bayliss & Tipper, 2006) , the neverdepressed control participants showed statistically reliable increases in the judged trustworthiness of the valid compared to the invalid faces in the gaze cueing task; however, these trustworthiness judgements were absent in the recovered-depressed participants. Depression often involves the disruption of personal relationships (Segrin, 2000) . One explanation for these problems is that they reflect the anhedonia that reduces the reward value of contacts with partners, family and friends (Segrin, 2000) . As treatments take effect and symptoms improve, so social contacts are resumed (Blanchard et al., 2001) . However, our data suggest that individuals who have suffered depression, but who are now recovered, do not use subtle cues arising from interactions with social partners to form positive or pro-social appraisals -for example those involving trust -that might foster expectations of dependable supportive relationships.
Compared with healthy controls, our participants were less able to learn about the trustworthy behaviour of the "valid" faces. Of relevance, however, is how these individuals explicitly rate faces for trustworthiness in the absence of social cues. Perhaps, for example, faces in general are perceived as untrustworthy, or rate different faces as trustworthy than do healthy controls. To examine this, and to provide additional context to the data we present, we also asked both groups of participants to rate an additional sample of 118 novel faces that they had not viewed in the gaze cueing experiment, and we provide brief details here. Participants rated these faces from −3 (untrustworthy) to +3 (trustworthy).
Overall, there was agreement between the groups, with faces that the healthy controls deemed untrustworthy also receiving low ratings from the recovered depression. Therefore, both controls and recovereddepression participants in this study varied their trustworthiness ratings in broadly similar ways. However, a significant positive linear relationship, r = .27, n = 118, p < .003 was found between the average trustworthiness score for each face with the difference in trustworthiness ratings between the groups (i.e. average score given to a face by the healthy control group minus the average trustworthiness score given by the recovered-depressed group). Hence, as mean facial trustworthiness increases, the recovered-depression group give less favourable appraisals than the healthy controls do. This is an interesting secondary finding as it suggests that as well as failing to use observed behaviour to be able to form trustworthy impressions of individuals after the gaze cueing task, the recovereddepressed group are also somewhat insensitive to the perceptual features in faces that provide cues to high trustworthiness (e.g. Todorov, Baron, & Oosterhof, 2008) . It is therefore conceivable that a reticence, by individuals vulnerable to depression, to appraise individuals with high levels of trustworthiness based on no behavioural information ("first impressions") could be related to a reduced ability to use observed behaviour as a cue to trustworthiness. We therefore simply note this result with interest, as future research will be needed to explore the relationship between trustworthiness judgements on a "first impressions" basis and the ability to learn about behavioural trustworthiness from social cues.
Our findings are relevant to interactionist theories of depression (Joiner & Coyne, 2002) . Individuals who are vulnerable to depression sometimes interact with social partners in ways that can increase their isolation (Joiner, Alfano, & Metalsky, 1992) . This might involve, for example, repeated attempts to seek reassurance that can disrupt relationships with close partners and family, promoting a sense of disconnection from others and enhancing the risk of illness (Joiner et al., 1992) . This behaviour can be triggered by reluctance to trust assurances or loving behaviours that are inconsistent with negative self-schemas (Joiner et al., 1992) . Our findings suggest that these problems can arise at an implicit level of processing in which vulnerable individuals fail to use interpersonal signals which, although not consciously noticed in everyday social interactions, can support positive impressions of others that facilitate further contact. The pattern of findings reported here suggest that people with a history of depression produce appropriate behavioural responses to these cues but do not connect them to positive social judgements involving trust.
Further research will be needed to establish whether the problems in using subtle interpersonal signals to develop trust appraisals reflect the cumulative effects of previous depressive episodes or constitute a pre-existing trait. The experience of depression can enhance a variety of risk factors, involving cognitive, social and biological processes that help account for the high rates of relapse (Bhagwagar & Cowen, 2008) . Possibly, disrupted interpersonal relationships and social withdrawal consequent to depressive illness induce an enduring failure to form the implicit trust appraisals shown here in the recovered state. On the other hand, prior problems using interpersonal signals to discriminate between social partners who might offer positive relationships, and those who might not, could mean that vulnerable individuals will experience the challenging and less supportive social environments that have been linked to heightened risk of depression and other psychiatric illnesses (Paykel, 1994) .
Conclusions
In summary, the findings reported here indicate that people who are vulnerable to depression by virtue of significant clinical histories of the illness are able to respond appropriately to social cues that facilitate cognitive performance but then fail to use these same signals to form implicit trust appraisals of potential social partners. This change in social cognition may contribute to the deficits in social skills reported in this population and to the social disconnection that promotes recurring illness.
